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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to a polyolef in-based conposrte material which is excellent in inpact resistance and 
heat resistance, and which is applicable to automobile parts, household electrical product materials, aircraft parts, and 
construction materials. The present invention also relates to a process for producing such a pdyoief in-based conposite 
material in a very simple and economicaf manner in comparison with oonventionat processes^ 

2. DESCRIPTION OF RELATED ART 

In order to improve properties of polypropylene and other pdyolefin resins, mechanical properties and heat resist- 
ance in particular, mixing and mett-kneading of a highly rigid inorganic filler has been hitherto considered. Since a poly- 
olefin resin composition with an addition of an inorganic filler exhibits exceUent rigidity and heat resistance, such a 
polyolefin resin composition has been wtdely employed as a molding material, particularly in the fields of automobHe 
parts and household electrical products. 

It has been known that performances of a conposite material, such as rigidity, impact resistance, and heat resist- 
ance, can be enhanced by using a filler finely pr^red to the submicron level, and controlling the dispersion of the filler 
(see Japanese Patent Application. Rrst Publication (Kokai), No. Hei 7-157592). 

According to tiiis process, however, since repeated grinding steps and classification steps are required in order to 
obtain the extremely fine filler grains, the filler is expensive, and this process is thus not economical. 

Another process has been known in which a filler is dispersed into a resin composition by introducing an amine into 
a compound having a stratified structure so as to widen gaps between strata, thereafter inserting a desirable monomer 
in the gaps, and polymerizing the monomer; the day mineral having a stratified structure is thereby allowed to collapse 
by itseH using the energy generated during the polymerization, and dispersing the clay mineral at the nanometer level 
(for example. Japanese Patent Application, Rrst Publication (Kokai), No. Sho 62-74957; Japanese Patent Application. 
First Publication (Kokai). No. Sho 64-9202; etc.). 

However, although this process permits uniform dispensing of filler with a great efficiency, the polymerization reac- 
tion is limited to radical polymerization or condensation polymerization. Furthermore, since the monomer introduced 
into the gaps between strata, which is an olefin monomer, such ethylene, propylene, butene, and isoprene. is non- 
polar, the monomer must be liquefied, and the polymerization reaction must be conducted under high pressure or in a 
highly concentrated condition, so as to leave the monomer consfstentiy in the gaps between sti^ta. However, even in a 
homopolymerization or copolymer izati on system, it is difficult to use the above monomers in reality. Moreover, since a 
special polymerization liacility is required for the polymerization of the monomer, the high fixed cost included in the prod- 
uct price makes this process uneconomical. 

Furlhemfiore, application of the above process to an anionic coordination polymerization system or radical polym- 
erization system, which is taken for polyolefin. would t>e inappropriate, since active hydrogen in an amino acid or the 
like which exists in the gaps between the strata acts as a catalytic poison in the reaction atmosphere, making it difficult 
to increase the molecular weight and to control the tacticity with regard to the polymer yielded. 

Yet another process has been known as a means for dispersing a filler into polyolefih. according to which a silicate 
compound in which an onium salt such as an ammonium salt is retained is employed (see Japanese Patent Application, 
Rrst Publication (Kokai). No. Hei 6-41348. and Japanese Patent Application, Rrst Publication (Kokai). No. Hei 7- 
70357). 

According to such a process, a compound which is swelled and deaved to form the stratal gaps of 5 nm or larger 
by means of a swelling/dispersing medium made of an organic solvent and the like should be used in order to finely and 
uniformly disperse the stratiform silicate which is made lipophilic by an onium salt. However, removal of the solvent 
would make this process impractical from an environmental perspective, and kneading in the presence of the solvent 
would degrade the productivity, and would make this process uneconomical. Furtiiermore. complete removal of the sol- 
vent or the like in the obtained composite material is difficult, and adversely affects the performances of the composi- 
tion, such as heat resistance and rigidity. Therefore, it has been desired that filler be dispersed finely and uniformly into 
polyolefin vyrittwut using a solvent. 

That is to say, although it has been possible to finely and unifbrmly disperse a filler into polyamide. dispersion of 
such a M&r in polyolefin h^ not hitherto be practical. 

SUMMARY OF THE INVENTION 

The present invention, which has been made in order to solve the above problems, has as an object thereof to pro- 
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vide a pdyolefin-based composite material which exhibits enhanced mechanical strength and heat resistance, simply 
by taking the steps of nrwdng and melt-kneading in the absence of a solvent, without swelling and cleaving a stratiform 
sificale conpound using a swelling/cfispersing medium or the like, such as an organic solvent. 

The present inventors have diligently conducted studies in order to solve the above problems in the conventional 
B arts and have carried out various systematic experiments, which resulted in the present inventioa 

A polyolefin-based composite material according to the present invention is characterized by conprising: 

(a) 99.9 to 60% by weight of a modified polyolefin or a pdyolefin containing such a modified polyolefin in an amount 
of at least 1% by weight, the modified polyolefin having a copolymer portion as a graft or a block in a polyolefin. the 

10 copolymer portion made of an unsaturated carboxylic acid or a derivative thereof (hereinafter refen-ed to as "M^") 
and a monomer (hereinafter referred to as "M2"), which has a monomer reactivity ratio, the product of which, when 
multiplied by a monomer reactivity ratio of , is 1 or less; and 

(b) 0.1 to 40% by weight of a lipophilic interstratified compound in which tetraalkylammonium cation is inserted in 
a swellable stratifomi silicate. 

IS 

In the above condition, it is preferable that both monomer reactivity ratios of Mi and M2 be 1 or less. 

In addition, the swellaUe stratiform silicate preferably has a charge density of 40 to 150 A^/charge, a basal plane 
distance d(001) of 7 to 15 A. and a cation exchange capacity (hereinafter refen-ed to as "CEC") of 25 to 200 milliequiv- 
alents^lOOg. 

20 Furthermore, the tetraalkylammonium cation preferably has at least one alkyi group having a cartx)n nuniser length 
of the principal chain of 4 to 30, and in an amount of 0.3 to 5 equivalents with respect the CEC of the swellable stratiform 
silicate. 

Moreover, in a polyolefin-based composite material according to the present invention, the swellable stratifomi sil- 
icate is preferably unHbrmly dispersed as stratified bodies having a length of at least 300 A and having up to 10 strata. 

25 A process for producing a polyolefin-based composite material according to the present invention is characterized 
by comprising the step of meH-kneading in the absence of a solvent the above modified polyolefin, or the polyolefin con- 
taining such a modified polyolelin in an amount of at least 1% by weight together with the above lipophHic interstratified 
compound in which tetraalkylammonium cation Is inserted In a swellable stratiform silicate. 

In particular, it is preferafc>le that the lipophilic Interstratified compound, in which tetraalkylammonium cation is 

30 inserted in a swellaWe stratiform silicate, be dispersed in the absence of a solvent into the modified polyolefin having a 
copolymer portion, which is made of Mi and M2, as a graft or a block in a polyolefin. and thereafter, melt-kneading be 
carried out together with a polyolefin. 

A preferable modified polyolefin to be used in this productkwi process may be obtained by irradiating a polyolefin 
with ionizing radiation, and thereafter bringing the polyolefin into contact with an unsaturated cartxaxylic add or a deriv- 

35 ative thereof, and with a monomer, which has a monomer reactivity ratio, the product of which, when multiplied by a 
monomer reacti\nty ratio of the unsaturated cartxxcylic add or the derivative thereof, is 1 or less. 

In addition, after the modified polyolefin (obtained by irradiating a polyolefin wfth ionizing radiation, and thereafter 
bringing the polyolefin into contact with an unsaturated carboxylic acid or a derrvatve thereof, and wfth a monomer, 
which has a nxxiomer reactivity rat'o. the product of which, when multiplied by a monomer reactivity ratio of tiie unsatu- 

40 rated caitwxylic acid or the derivative thereof, is 1 or less) and the lipophilic interstratified compound (obtained by 
inserting tetraalkylammonium cation into a swellable stratiform silicate) are kneaded in contact in the absence of a sol- 
vent, it is also preferable that they should be brought into contact and mixed with a polyolefin in the presence of a cou- 
pling agent. 

As explained above in detail, a polyolefin-based composite material according to the present invention has an 
45 enhanced heat resistance and rigidity in comparison with a polyolefin-based composite material obtained by a conven- 
tional technique, and the producfion process therefor according to the present invention is simpler than a conventional 
production process, and can utilize inexpensive (existing) production facilities; therefore, a polyolefin-based conposlte 
material and a production process therefor according to the present invention are useful for automobile parts, house- 
hold electrical product materials, aircraft parts, and construction materials, and in the production thereof 

so 

DESCRIPTION OF THE PREFERRED EMBODIMEfNTrS 

TTie present invention will be explained further in detail hereinbelow. 

Component (a) according to the present invention is a modified polyolefin. or a polyolefin containing such a modi- 
55 fled polyolefin In an amount of at least 1% by weight, the modified polyolefin being a graft copolymer or block copolymer 
of an unsaturated carboxylic add or a derivative thereof (M^) and a monomer (Mg). In tWs situation, the product of the 
monomer reactivity ratio ri of ttie unsaturated cartxjxytic acid or the derivative thereof and the monomer reactivity ratio 
Tz, which Is represented by r^ • rz, is required to be 1 or less. 

As is commonly known, the product of monomer reactivity ratios (r^ • ts) employed in the present invention is taken 
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as a measure of mutual copcrfymerizabillty in general, arxl is obtair\ecI from the following calculation formula (see "Pol- 
ymer Handbook" SECOND EDITION. J. BRANDRUP and E. H. IMMERGUT, Editors with the collaboration of W. 
MCDOWELL, A WILEY-INTERSCIENCE PUBLICATION; and "Kyojugo 1 — Hanno KaiseW— " (Copolymerization 1 
— ReacBon Analysis—), piiblished by Baifukan, 20 June 1975) 

5 

In this formula, e-, and eg are values related to reaction rate consMs oorresponding to the oonpotwnts and 
10 M2, respectively, and are parameters e^ressing the degrees of polar effect 

In addrticxi, it is preferable that both the monomer reactivity ratio r^ of the unsaturated cartxixylic acid or the deriv- 
ative thereof and the monomK" reactivity ratio of the nrxsnomer be 1 or less. However, even if the nrtonomer 
reactivity ratio r-f is 1 or greater, as long as the product of the monomer reactivity ratios is 1 or less, although the degree 
of oopolymerizatfon of the unsaturated cartx^^ic add or the derivative thereof M-i and the monomer decreases, the 
16 degree of polymerization of the unsaturated cartx»(ylic acid or the derivative tfiereof in honwpolymeric graft component 
can be increased due to the presence of the monomer M2. and a great number of polar groups can be introduced in the 
principal chain of the polyolef in. 

Examples of the unsaturated cartx)xylic add or the derivative thereof (MO in component (a) according to the 
present invention are an unsaturated caiboxylic add derivative; an add anhydride; a derivative containing epoxy group. 
so anude group, onium group, tvydroxyl group, or imkle group; arxl a meited salt 

Examples of the unsaturated caiboxylic acid are acrylic acid, niethacrylrc add, maleic acid, fumaric acid, itaconic 
acid, citraconic acid, e/7cfo-bicydo[2.2. 1]-1, 4.5,6,7, 7-he>achforo-5-heptene-2,3-dicartx>xylic acid, enci'o-bicycloI2.2.1J- 
6-h^«ne-2,3-d}caTbQxylic acid. c/s-4-cydohexane-1 ,2-dicartx2xylic acid, crolonic acid, isocrotonic acid, angelic add, 
and sorbic add. 

25 Examples of the anhydride are maleic anhydride, itacortic anhydride, dtraconic anhydride, e/m/o-bif^lo^^.l]- 
1, 4,5,6,7, 7-hexachtoro-5-heptene-2.3-dicarboxylic anhydride, eneto-bicyclo[2.2.1]-5-heptene-2,3-dicart>oxylic anhy- 
dride, and cAS-4-cydohexane-1,2-d)cartx>xylic anhydride. 

Examples of the derivative containing epoxy group are ^yddyl acrylate, glycidyl methacrylate, glyddyl ester of ita- 
conic acid, monoglyddyl ester of butenetricartxKylic add. diglyddyl ester of butenetricarbocylic add, triglycidyl ester of 
$0 butenetricariwxylic acid, allyl glycidyl etfier, Z-methylallyl glycidyl ether, styrene p-glycidyl ether, 3,4-epoxylxjtene, 3,4- 
epoxy-3-methyl-1-lxrtene, 3,4-epoxy-1-pentene, 3,4-epoxy-3-mett^l-1-pentene. and vtnylcydohexane monoxide. 

Exanples of the derivative containing amide group are allylamine. aminoethyl mettiacrylate, aminopropyl methacr- 
ylate, dimethyaminoeHiyl methacrylate, acrylamide. methacrylamide, maleic add mcnoamidb, maleic add diantide, 
maJac add W-monoethylamkJe, maldc acid N, N-diethylamide, fumaric add monoanrride, and fumaric acid cfiamide. 
3S Examprfes of the derivative containing onium group are ethyttrimethylammonium diloroacr^ate. ethyttrimeia^am- 
monium chtoromethacryJate, arxl 4-vinylp^dine hydrochloride. 

Examples of the derivative containing hydroxy) group are 2-hydroKyethyl acrylate^ 2-hydrotxyetfiyi methacrylate. 3- 
hydroxypropyl acrylate. 3-hydroxypropyl methacrylate. 2.3,4,5-tetrahydroxypentyl acrylate. 2,3.4,5-telrahydr<»cypentyl 
methacrylate, 3-hydroxy-1 -propane. 4-hydroxy-1-butene. c/®-4-hydroxy-24xitene, frans-4-hydroxy-2-butene. and 3- 
40 hydroxy-2-methyl-1 -propane. 

Examples of the derivative containing imide group are maleimide, /V-butylmaleimide, A/-phenylmaleimide. and N- 
cydohocyimaleimide. 

Examples of the metal salt are sodium acrylate. calcium acrylate. sodium methacrylate, and calcium methacrylate. 

The monomer M2 in the present invention is an unsaturated compound which has a monomer reactivity ratio, tiie 
45 pffcduct of which, when nuittiplied by a monomer reactivity ratio Of M.| , rqaresented by r^ • r2, is 1 or less (preferak^ both 
ri and r2 are 1 or less); examples of such a monomer M2 are styrene-based monomer, vinylpyridine-based monomer, 
diene-t^ased nx^iomer, and nitrile-based monomer. 

Examples of the styrene-based monomer are styrene, a-methylstyrene, o-methyl-a-methylstyrene, m-methyl-o- 
melhylstyrene, p-methyl-a-metfiylstyrene, p-methoxy-a-methylstyrene, p-chJoromettvl-a-metfylstyrene, 2-chlorosty- 
so rene, p-chlorostyrene, 2,4-dichIorostyrene. p-methylstyrene, p-ethylstyrene, p-phenylstyrene, divinylbenzene. p-chlo- 
romethylstyrene, p-chlorobenzytetyrene, p-melhoxystyrene. p-ethoxystyrene, piahenoxystyrene, p- 
(chlorometiioxy}styrene, and p-(chlorophenoxy)styrene. 

Examples of the vinylpyridine-ljased monomer are 2-vinylpyridtne, 4-vinyljvrtdine, 2-vinytpyridine N-oxide. 2Vinyi- 
5-metiTy^yridine. and 2-vinyl-5-etl^lfyridine. 
55 Examples of the diene43ased monomer are 1,3-butadiene, isoprene, and 2-ethyl-l ,3-butadiene. 

Examples Of the nitrile-based monomer are ac^onitrile, methacrylonitrile. al)^ cyanide, 2-butenenttrile, c/s-pen- 
tenenitrile, and frans-pentenenitrile. 

Table l shews exanples of combinations of arxi M2, the products of tiie montxner reactivity ratios tiiereof. i.e., 
ri •r2, are 1 or less (preferably, botii monomer reactivity ratios of M^ and M2 are 1 or less); however, combinations of 
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Ml and Mg to be used in the production of a graft polyolefin are not fimited to those shown in Tatile 1, and any combi- 
nation may be arbitrarily selected from the aforementioned monomers. 



Table 1 



Exanple 


Ml 


^1 


Qi 


M2 


^2 


92 


^1 


^2 


^V^2 


1 


^leic 
anhydlride 


2.25 


0.23 


Styrene 


-0 


80 


1 


00 


2.4x10"^ 


0 


.38 


9.1x10"^ 


2 


Maleic 
anhydride 


2 


25 


0.23 


a-methylstyrene 


-1 


27 


0 


98 


9.3x10"'^ 


0 


.0487 


4,4x10"^ 


3 


Maleic 
anhydride 


2 


25 


0.23 


tfethyl 

methacrylate 


0 


40 


0 


74 


4 - 83x10" 


6 


.74 


0.032 




methacrylate 


0 


.57 


1 03 


Styrene 


-0 


80 


1 


00 




0 


.324 


0.153 


5 


Glycidyl 
methacrylate 


0 


57 


1.03 


at-^nethylstyrene 


-1 


27 


0 


98 


4.83x10" 


6 


74 


0.032 


6 


Glycidyl 
ttiethacrylate 


0 


57 


1.03 


2-vinylijyridine 


-0 


50 


1 


30 


0.43 


0 


74 


0.32 


7 


Glycidyl 
uethacrylate 


0 


57 


1.03 


Butyl methacrylat 


0 


47 


0 


67 


1.42 


0 


69 


0,98 


8 


Glycidyl 
Tethacrylate 


0 


57 


1.03 


Iscprene 


-1 


22 


3 


33 


0.111 


0 


364 


0.041 


9 


Hydroxyethyl 
methacrylate 


0 


.20 


0.80 


Styrene 


-0 


80 


1 


oo 


0.47 


0 


655 


0.562 


10 


Hydro5<yethyl 
methacrylate 


0 


20 


0.80 


a-methylstyrene 


-1 


27 


0 


98 


0.608 


0 


189 


0.114 


11 


Glycidyl 
[nethacrylate 


0 


57 


1,03 


Butyl vinyl ether 


-1 


20 


0 


087 


4.31 


0 


010 


0.043 


12 


Glycidyl 
methacrylate 


0 


57 


1.03 


Benzyl vinyl ethe 


-0 


41 


0 


046 


12.7 


0 


030 


0.38 


13 


Glycidyl 
nethacrylate 


0 


57 


1.03 


I\?-vinylpyxroliclon 


-1 


14 


0 


14 


2.77 


0 


019 


0.054 



in Tablet: 

riTa-expIKei-ea)^ 
r^-[Q^/Q2lexp[-ei(ei-e2)l 

r2 = rQ2/Qi]exp[-e2(e2-ei)] 

The "Q" and "e" values are taken from J. BRANDRUP, et al., ed.. "Polymer Handbook". Interscience. 
Among the above combinations, a combination in which is glycidyl acrylate. maleic anhydride, or glyctdyt meth- 
acrylate and Mg is a styrene-based monomer is preferable, and the combination of glycidyl methacrylate and styrene is 

particularly preferat^e. 

In the present tnvention. organic peroxide used in producing the modified polyoJef in is not particularly limited and 
may be arbftrarlly selected. A single organic peroMde may be employed. arxJ two or more organic peroxides may also 
be employed in combination. 

Examples of the organic peroxide are dialkyl peroxides such asdi-f-lxityl peroxide, f-dicumyl peroxide, and dicumyl 
peroxide: diacyl peroxides such as diacetyl peroxide and isobutyryl peroxide: peroxycarisonates such as di-/-propyl per- 
oxycatbonata and di-2-ethylhexyl peroxycariDonate; peroxyesters such as f-txrtyl peroxypivalate and f-butyl perox^au- 
rate; ketone peroxides such as methyl ethyl ketone peroxide; peroxyketals such as 1,1-bis-f-butylperoxycyclohexane 
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and 2,2-bis-f-butylperoxyoctane; hydroperoxides such as f-butyl hydroperoxide arxi cumene hydroperoxide, and azo 
compounds such as 2.2'-azobisist*>irtyronitriIe and 2,2'-azobis(2,4,4-trimelhylvaleronitrile). 

Exami:^^ of the polyolef in of component (a) accoiding to Ihe fi^es^ invention are homopotymers a-ol6fin such 
as ethylene propylene, l-butene, l-hexane. and 4-methyl-1-pentene, or random or block copolymers of two or more 
s types of such a-olef ins. 

Examples of the poiyolefin are polyethylene, pdypropyiene, poly(l-butene). po!y(1-hexene). pdyisobutene, poly{3- 
methyl-lisentene). poly(4-mettiyl-l-pentene), copoly{ethylene^ropylene), copoiy(ethyIene/1 -butene), cqx)ly(proi^- 
ene/4-me1hyl-1-pentene), copoly(propylene/1 -butene). copoly(ethylene/propyJene/1 -butene), and copo]y(decene/1- 
mefthyl-1-pentene). 

10 In carrying out the present invention, a graft copolymer of an unsaturated carboxylic acid or a derivative thereof 
and a monomer M2, which has a monomer reactivity ratio, the product of which, when muftif^ied by a monomer reactiv- 
ity ratio of Mi, r^resented by r-\ • r^. is 1 or less (preferably both r^ and tz are 1 or less), may be produced by way of 
various metfiods such as suspension polymerization, emulsion polymerization, solution polymerization, and bulk 
polymerization (inducfing a method using an extruder). 

IS Examples of the producfion method are a method in which a nxxiif ied polyolef in is obtained by thoroughly miidng 
a polydetin and a graft monomer togeflier vnth an organic peroxide using a tumbler, a Henschel mixer, a rbbon mixer, 
or the like, and thereafter carrying out melt-kneading in a melt-kneading device; a method in vtrtiich a rrxxiif led polyoleJin 
is obtained by dissolving a pc^yolefin in an organic solvent such as xylene, thereafter adding thereto an organic perox- 
ide under a nitrogm atmosphere, aUowing the mixture to react wNle stirring, and after cooling the reacted ntixture, car- 

20 rying out washing, filtration, and desiccation; a method in which a polyolefin is irradiated wAh an uHratriolet or a 
radiation in the presence of a graft monomer; a method in wl^ a polydef in is irradiated wlh ionizing radiation, and 
thereafter the polyolefin is brought into oontact with and mixed writh a graft morK>mer ; and a method in which exposure 
to oxygen or ozone is performed. 

A modified polyolefin according to the present invention can be obtained by allowing graft-copolymerization of 0.01 

ss -SO parts by weight of a mortomer mixture with 1 00 parts by weight of a polyolefin, wherein the nxxiomer mixture con- 
tains 95 ~ 5% by weight of monomer Mi and 95 - 5% of monomer M2. In the case where the proportion of the monomer 
mixture is smalls than 0.01 parts by weight treatment effects on the resin composition may not be observed. In the 
case where the proportion of the monomer mixture is larger than 50 parts by weight, the efficiency in the graft reaction 
deteriorates, and a copolymerized compound which is left unreacted or which has not formed a graft remains in the 

30 nxxjified polyol^in; therefore, the properties such as heat resistance and chemical resistance are degraded. 

In addition, the proportion of the organic peroxide in the production of the modified polyolefin according to the 
present invention may be 0.01 ~ 10 parts by weight wrilh respect to 100 parts by wei^ of tiie polyolefin. In the case 
where the proportion of the organic peroxide is smaller than 0.01 parts by weigfit. treatment effects on the resin com- 
position may not be observed. In the case where the proportiod of the organic peroxide is larger than 100 parts by 

35 weight, properties inherent to the pc^yolefin are not exhbfted. and the performances si»^ as heat r^stanoe arvi chem- 
ical resistance are degraded. 

To component (a), various additives, which are cmventionally used in a polyolefin, such as an anti^weathering 
agent including an antioxidant, an ultravioiet ab^rber. a light stabilizer, andtiie lite, a nucleating agent, a lubricant, an 
anti-static agerrt. a colorant, a plasticizer, and a surface-gloss-improving agent may be added at such levels tfiat such 

40 an additive does not interfere v«th the advantages of ttie present invention. 

For component 0:>) of the present invention, a interstratified compound in which tetraalkylammonium cation is 
inserted in a swellat)le stratifo r m a'licate is used. 

An exanple of the swellable stratiform silicate in the present invention is a swellable clay compound having a 
charge density of 40 to 150 A^/charge, a basal plane distance £/(00l) of 7 to 15 A. and a cation exchange capacity 

4S (CEC) of 25 to 200 miiriequivalents/100 g. 

An example of the swellable clay compound is a stratiform phyliosilicate mineral containing magnesium silicate br 
aluminum silicate. Exanples of such stratifomn phyllosillicate mineral are smectite clay minerals such as montmorilton- 
tte, saponfte, beidetlite, hectorite, nontronite, and stew ensite; vexmiculites such as trioctahedral verrruculite and diocta- 
hedral vermiculaite; and micas such as musoovite, phlogopite. biotite, lepidolite. paragonite, and tetrasilicic. Another 

50 example is a conripound synttiesized into a swellable mica by conducting a fluorine treatment on a talc, or a conripound 
having a structure ^milar to those of tiie atx^ve compounds, obtained by way of hydrothermal syntheas. 

For the cation carried between strata, various compounds may be used which are obtained by replacement of var- 
ious ions of the same kind such as sodium, potassium, and litiiium. 

The charge density in tiie strata of the swellable stratiform silicate is preferably 40-150 A^/charge, and more pref- 

55 erably 40 to 1 00 A^Acharge. In the case where the charge den^ is lower tiian 40 A^/charge, such a swellai^e stratiform 
silicate as explained above cannot exist. In the case where the charge density is higher than 150 A^/charge, charges of 
the silicate sti^ata greatiy interact witii eadi other, and therefore a desirat)le d^^ibility in the s^fithetic resin is not 
(Stained, and improvement in tiie mechanical strength and the heat resistance of the composite article is insufficient; 
thus, the charge density of larger than 150 A^/charge is not preferable. 
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The sweDable stratiform silicate has a cation exchange capacity (CEC) off prefwably 25 ~ 200 nniHiequiva- 
Ients/100g, and more preferably 50 - 150 milliequivalents/IOOg- In the case where the CEC is smaller than 25 mil- 
ltequivalents/100g, the organic cation content in the lipophilic tnterstratitied compound is small, and therefore a 
desirable dispersitwfity in the synthetic resin is not obtained, and imprcvement in the mechanical strength and the heat 
5 resistance of the composite article is insufficient. In the case where the CEC is larger than 200 milfiequivalente/lOOg, 
the content of organic cation, which is an organic substence of a low boiling point, is large, and therefore the heat resist- 
ance deteriorates; thus, the CEC of larger than 200 miltlequivalents/IOOg is rKrt preferable. 

The tetraalkyla"i"TO"'"'" cation in the present invention is an organic compound of a positive charge, which has a 
structure as shown in the following (^emical formula: 



IB 




20 In the abowe chemical fornnula, each of , Rg, R3, and R4 is an all^ group having a cartjon number of at least 1 , 
It is preferable that at least one of these alkyl group have a carbon number length of the principal chain of 4 - 30 (i.e., 
04 - C30). In the case where the cartxjn number is smeMer than 4, Ihe gai:^ are not widened enough to wraken the 
binding force acting between the strata of the swellable stratifbrm silicate, and the lipophilicity of the swellabfe stratiform 
silicate cannot be enhanced; therefore, the filler is not uniformly dispersed in *ie resin, and the advantage of the present 

25 invention is not exhibited. In the case where the cartxjn numtjer is larger than 30, the molecular size of the tetraalky- 
lammonium cation is too large to be easily inserted in the gaps between the strata, and thus the absolute amount of the 
tetraalkylairanonium cation is small; therefore, similarly to the above, the advantage of the present invention is not 
exhibited. 

In additon, at least one of , B^, R3, and R4 may han^e a functional group at its distal end. Such a functional group 
30 may be, for exanple, a cartxwyl group, hydroxyl group, and amino group. 

Examples of the tetraalky^ammonium compound having such a functional group at the distal end are N-alkylami- 
nocarbos^ic acids, N-alk^mino aloohc^ and /V-^ai^lanin'nes. 

Exarrples of the alkylam?nocafb(»(ylic acids are A/'-/>dodecyl-A/.A/<limethy{-4-aminobutylcartx>xylfc add, A/-n- 
dodecyl-MA/-dimethyl-6-aminohexylcaitx)xy}ic acid, A/-/7-dodecyl-A/,/V-dimethyl-8-aminoo<aylcartx>xylic acid, N-n- 
35 dodecyl-A/,A/-dimethyl-10-aminodecylcart3Oxyiic acid, A/-/7-dodecyl-MW-dimeth]^-12-aminolaurylcartx)xyJic acid. W-n- 
dodecyl-N,N-dimethyl-14-aminotetradecytcart>oxy[ic add. /V-n-dodecyl-/V,A/'dimettTyH6-aminohexadecylcartx>xylic 
acid. W-«-dodecyl-A/,A/-dimethyl-18-aminooctadecylcart)OxyIic add, and A/-/7-dodecyl-A/.A/-dimethyl-20-aminoeicosyl- 
caiboxylic acid. 

Examples of the A/-alkylamino alcohols are A/-y7-dodecyl-A/,W-dimethyl-4-aminobutanol, A/-n<lodecyl-A/,A/-dime- 
40 thyl-6-aminohexanol, W-n-dodecyl-A/.W-dimethyf-S-aminooctanol, W-riKiodecyl-N.W-tfunelhyl-IO-aminodecanol. W-n- 
dodecyl-W,/V-dimefliyl-12-aminoiauryl alcohol (A/-/T-dodecyl-N,A/-dimethyl-l2-aminododecanoI), W-n-dodecyl-W./V- 
dimethyl-1 4-aminotetrad8can(rf, A/-n-dodecyl-A/. A/-dimethyl-16-aminohexadecanol, A/-/7-dodecyI-A/,A/-dimethyl-18- 
aminooctadecanol, and A/-n-dodec^-W,A/'dimethyl-20-aminoeicosanol. 

Examples of the A/-alkylamines are 4'aminobutyl-A/-/7-dodecyl-A/.A/-dimetfiyIammonium, 6-aminohexyl-A/-/}- 
45 dodecyl-N,N-dimettiy(amrnonium, &aminooctyl-^/-^•<lodecyl-^/.N-^Inett^lnmoniuIn, 10-aiYtinDdecyl-A/-n-dQdecy(- 
/V,A/-dimelhylamnrK)nium. 12-aminolauryl-/V-n-dodecyl-W,A/-dimethylammonium. 14^minotetrade<qrI-A/-/7-dodecyl- 
W, N-dimettiylammonium, 1 6-aminohexadecyl-N-n-dodecyl- W, W-dimethylammonium. 18-aminooctadecyl-N-n- 
dodecyl-W,/V-dimethylammonium, and 20-amfnoeicosyl-A/-n-dodecyl-A/,W-dimeth^ammonium. 

In addition, in the above chemical formula, X is one of various halogen elements, in which chlorine is particularly 
so preferat^e. 

The lipophiRc interstratified compound is obtained by inserting the above orgarvc cation in the swellable straSfbrm 
silicatB, wherry the swellable st'atiform silicate undergoes a lipophilizing treatment in which an ion exchange reaction 
as wdl as swelling is carried out. 

A lipophilizing treatment is carried out. for example, by fully solvating a sw^lable Stratiform Plicate with watK". alco- 
£9 hoi, or the like, thereafter adding such an organic cation as the above and stin'ing so as to replace metallic cation earned 
between the strata of the swellable stratiform silicate with the organic cation, and thereafter carrying out flushing of 
organic cation which has not r^Iaced metallic cation, filtration, and desiccation. The amount of the organic cation to be 
added is determined by measuring the cation exchange capacity (CEC) of the swellable sti^atrform silicate by a method 
^ch as a column osmosis method (reference of which can be made to: "Nendo Handobukku" (Clay Handtx)Ok), pp. 
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576-577, Gihodo-shuppan) and a methylene blue ads<^ption measuring method (a standard test method of Japan Ben- 
tonile Industry Association, J PAS- 107-91). 

A column osmosis method described in the "Nendo Handobukku" is as follows: 

5 1) Reagents: a) 1 N acetic acid-ammonium solution: "Hie same volumes of 2 N aqueous ammonia and 2 N acetic 

acid are mixed together, and tiien the pH value is adjusted to 7 by adding concentrated aqueous ammonia or acetic 
acid dropwis©. b) 80% (by volume) ettiyl alcohol: 99% or 96% ethyl alcohol is diluted to the desired concentration 
with distilled water, and then the pH value is adjusted to 7 by adding concentrated aqueous ammonia dropwise. c) 
10% aqueous salt sofutibn: 100 g of sodium chkxide crystals is dissolved in 1000 ml distilled water. 

10 2) Instrument and Measuring Procedure: a) Instrument for osmosis: An instrument for osmosis is constructed from 
a washing solution container, a leachirig tube, and a receiving bottle. yAvch are made of glass. These components 
are connected by rubber tubes and rubber plugs. The w^hing solution container has a capacity of 100 ml, and is 
graduated in 10 ml. The leaching tube is prepared by tapering a tube, whidi has a length of 12 cm and an inner 
diameter of 1 .3. at the bottom portion, and then adding a leg tube having an inner diameter of 0.3 cm. b) Osmosis 

IS process: A small piece of cotton wool is stuffed in the bottom portion of the Inching tube. Pulped filter paper is 
poured over the cotton wocrf to form a filtration layer having a thidfeiess of 5 mm. On the surface of the filtration layer, 
a clay powder spedmen is filled. The amount of a clay to be tested is 0-2 to 2 g; however, the clay is mixed with 
quartz sand (0.1 mm or smaller) before ihe tilling, the amount of the quartz sand being between the amount equal 
to that of the day arvJ doutsle the amount In adcfib'on. the filling must be carried out in a manner such that the entire 

20 specimen can t>e made wet during osmosis. TTierefore, in practice, 1 N acetic ac^-ammonium solution is first put 
in the leaching tube, and then a mixtijre of weighed day and quartz sand is dropped into the leaching tube by small 
anx>unts arxl is allowed to sink in the solution. Next, the washing solution container is connected to the leaching 
tube, and a cock provided at the lower portion of the washing solution corrtainer is opened so as to start washing 
with the acetic acid-ammonium solution. The dropping rate is controlled by adjusting the opening of the cock, so 

2S tliat the osmosis can be completed in 4 to 20 hours using 100 ml of the acetic acid-ammonium solution. When the 
osmoste mth the acetic acid-ammonium sc^iOion is finished, an inner wall of the upper portion of the leaching tube 
is subsequently washed with 80% ethyl atctohot. and the day column is washed with 50 ml of the same alcohol, so 
as to eliminate excessive acetic acid^mmonium sdution. The thus-obtained column of clay saturated with ammo- 
nium ion isfinally washed with 100 ml of 10% saltwater, ther^y exdianging arxi leadiing ammonium ion, c) Meas- 

30 urement of ammonium ion and units of results: the entirety of tiie leached solution obtained in the receiving bottle 
is transferred to a 200 ml volumeti'ic flask, to which a distilled water is added up to the indicator. VMth regard to a 
spedfic amount flie solution in the volumetric flasK tiie amount of ammonium ion is measured by a conventional 
method. Firom the thus'Obtained value, a cation esodiange capadty per unit weight of a d^spedmen is calculated; 
however, a cation exchange capadfy is normally expressed in miifgram equivalent (meq) of cation per 100 g (or 1 

3? g) weight of dry ^edmen. 

The anrxHint of the organic catim to he added is preferably in fiie range or 0.3 5 eqiuvalents with respect to the 
CEC. and most preferably in the range of 0.3 ~ 2 equivalents. In the case where the amount of the o^anic cation to be 
added is smaller tftan 0.3 equivalents, the affinity to polyolefin and the dtspersibility of the sb^tiform silicate in the pdy- 
40 olefin-t>ased composite mat^ial deteriorate. In the case where the amount of tiie organic cation be added is greater 
than 5 equivalents, such properties as tine heat resistance and the rigidity of the polydefin-t>ased conpostte material 
deteriorate. 

The polyotefin-tnsed composite mat^ial according to the present invention may be produced by thoroughly mix- 
ing, using a tumbler, a Henschd mixer, a rit^xxi mixer, or tiie like, (a) a modified polyolefin, or a polyolefin containing 
45 such a modified polyolefin in an amount of at least 1% by weight, the modified pdyc^ef in being a graft copolymer of a 
monomer and a monomer M2, and (b) a lipophilic interstratified compound: thereafter melt-kneading using a melt- 
kneading device; and disperdng by way of shearing. This production process can be conducted in the absence of a sol- 
vent. 

In addition, a production process is preferat>le in which the composite material is produced by dispersing e lipophilic 
so intostratified conpound in a modified polyolefin, and ttiereafter further adding a polyolefin. In the latter step, it is pref- 
erable that the mixing in contact with the poiyoletin be carried out in the presence of a coupling agent. By using a cou- 
pling agent, chemical bonds between polar groups in the modified polyolefin and distal functional groups in the organic 
cation are readily formed, whereby fixation to tiie polyolrfin prindpal chain can efficientiy take place. 

Examples of such a coupling agent are hexamelhylene diisocyanate, 2.4-tolylene diisocyanate, a mixture of 2,4- 
ss tdylene diisocyanate and 2,6-tolylene isocyanate, dqphenylmethane diisocyanate, 1.5-n^3hthylene diisocyanate, 
xylylene diisocyanate, hydrogenat^ xylylene diisocyanate, and isophorone diisocyanate. 

Exanples of the melt-kneading device are a Banbury mixer, a continuous mixer with a rotor, and a twin-screw 
extruder (whidi has screws to r©irt)lve in the same or opposite directions). 

The polydef in-based resin composition according to the present inv^ion is a po}yoletin-t>ased composite material 
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in which proportions of the components are as fo!lo»«s: 

(a) a copolymerized modified polyolefin or a poJ/o}efin containing such a modified poJyolefn in an amount of at least 
1% by weight: 99.9 ~ 60% by weight; 
5 (b) a lipophilic interstratified compound: 0.1 ~ 40% by weight. 

In the case where the proportion of the Jipqahilic interstratified compound is smaller than 0.1% by weight, the heat 
resistance, the mechanical properties, or the like, of the composite material is not improved. In the case w^ere the pro- 
portion of the lq>ophilic intersbatif ied oompound is larger than 40% by w^g^. the resin component is so small in quan- 
go tity that the stratiform silicate cannot be fully dispersed, or that the stratiform silicate flocculates; therefore, the 
advantage of the present invention is not exhibited. 

The stratiform sincale in the composite materia] acccxding to the present inverttion is in the form of laminated bod- 
ies uniformly dispersed in tfie resin, each laminated body containing up to 10 silicate strata having a t>asal plane dis- 
tance of 7 to 15 A. and a l^igth of at least 300 A. Such a uniform dispersion of the stratiform silicate in the form of 
IS laminated bodies, each of which contains up to 10 silicate strata having a basal plane distance of 7 to 1 5 A. and a length 
of at l^st 300 A, in the composite material according to the present invention, contributes to an extremely high aspect 
ratio and enhanced mechanical properties such as the rigidity and the impact resistance. In particular, the ^nailer the 
number of the laminated strata, the more the dispersibilrty is improved, aixJ ttie more preferable. 

The dispersfon results fn»n qrallab'on due to i^iysical and chemical actions between a functional group existing in 
20 the oopolymerizecl modified potyotef in. such q& caitKuq^ gnnip, apoocy gmp. and hydraxyl group, and the lipophilic 
interstratified compound, as well as the shearing action the mixing and meft-knea(£ng. these actions overcoming 
attractive forces (van der Waals' forces, electrostatic attractive fbroes, and the like) acAng between the strata of the sil- 
icate in the lipophilic irTterstratrfred corrpound. 

That is to say. in the case of a pofyolefin modified with a homopolymer portion of monomer Mi , the amount of fUnc- 
ss tional group is too small, and thus the interaction on the stratiform silicate is too small to alJow a uniform dispersion of 
the lipophilic interstratified compound wthout swelling and cleaving the stratiform silicate compound using a swell- 
ing/dispersing medium or the like, such as an organic solvent; in contrast, since componerrt (a) of the present invention 
contains a copolymer portion of and M2 in the modified polyolefin, the component (a) contains a large amount of 
functional group in comparison with a polyolefin modified with a homopolymer of , and thus generates strong inter- 
so actions with tiie stratiform silicate. Therefore, a polyolefin-based conposite material having the advantages of the 
present invention can be produced wittiout swelling arxl cleaving the stratiform silicate oompound using a swelling/dis- 
peising medium or the like, such as an orgaitic solvent, but simply by carrying out mixing and melt-kneading wrBiout 
using a solvent; such a production process is much simpler and more economical than a conventional process. 

ExceJlerrt advantage of the polyolelm-t>ased corrpowle material according to the pr^enl invention, not only those 
S5 described atx>ve, also include advantages in a significant simplification in the dispersing step in comparison with con- 
ventional dispersing steps, such as a polymerization method, employed in order to diverse a filler, and therefore the 
polyc^^'n-based composite material according to the present invention can be produced economically and efffoienfiy- 

In brief, 

40 (1) accmiing to the (xocess of the present invention, since a conventfond kneader may be employed, and the proc- 
ess is simi^rfied in comparison with a polymerization method; 

(2) since spallation and dispersfon of 9\q lipophilic interstratified compound are caused by utilizing strong chem'cal 
interaclions of ionic bonds or the like, procedures such as grinding and mixing of a stratiform mineral can be sim- 
plified, and reduction in aspect ratio due to recessive grinding does not occur; and 
45 (3) a polyole4in-based conposite material obtained according to the present invention may be directty used in an 
injection molding, a heat-compression nnokting, or tiie like, and thus an economical and efficient production of 
molded article is possible. 

In addition, to the polyolefin-based resin compootion according to the present invention, any of an anti-weathering 
so agent such as an antioxidant and an ultraviolet absoriaer, a luixicant, an anti^static agent, a colorant, and the like, which 
are conventionally used in a polyolefin. may be added at such levels that sudi an additive does not interfere with the 
advantages of the present invention. 

(Examples) 

ss 

The present invention witi be eMpI^ned in lurttier detail by providing examples arxl comparative example; however, 
the i^esent inventfon is not llmrted to these examples. 

First, tiiree types of polyolefins (PP=1 , PP-2, and PP-3) were prepared. 
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PP-1 : MFR = 30 (g/1 0 minutes) 

product of Showa Denko K.K. 
PP-2: MFR = 6.0 (g/1 0 minutes) 

product of Showa Denko K.K. 
PP-3: MFR » 0.5 (gfl 0 minutes) 

product of Showa Denko K.K. 

(In the above, "MFR" stands for "melt flow rate".) 
Using the above homopoJyolefins, the Ibllcwing copdymerized modified poJyolefins A ~ r. and homopdymerized 
modified pdyolef ins A ~ F were pr^>ared. 

Copdymerized Modified Pdydef in A 

CopolymerizGd modff ied polyolefin A was dstained by uniformly mbdng 5.0 parts fcv weight of giyddyl methacrylate 
(GMA), 5.0 parts by weight of styrene. and 15.0 parts by weight of an organic peroxide (MxjtyJ peroxybenzoate. "PER- 
BUTYLZ", manufactured by NOF Corp.) using a Henschel mixer, and heating and kneading at 200°C wfth a retention 
lime of about 3 minutes using a co-direclional double-screw kneader ("KTX-30", manufactured by Kobe Steel Co., Ltd.). 
As a result, the obtained copolymerized modified polyolefin A (GS-PP1) had additional GMA (M^) with the amount of 
1 .6% by weight, additional styrene (Mg) with the amount of 1 .2% by weight, and MFR = 75 (g/IO minutes). 

Copolymerized Modified Polyolefins B - F 

In a manner similar to the preparation of copolymerized modified polyolefin A (GS-PP1), copolymerized modified 
polyolefins B - E (GS-PP2. GS-P3, MS-PP1 , and MS-PP2) were prepared using GMA or maldc anhydride in the mixed 
anxHjnts as shown in Table 2. 

In addition, copolymerized modified polydefin F (GS-PP4) was prepared in a manner similar to the dbove prepara- 
tion of copdymerized modified pdydefin A. except for substituting PP-2 Ibr PP-1 . 

Homopdymerized Modified Polyolefins A ~ F 

Homopdymerized modified pdydef ins A ~ F (G-PP1 . G-PP2, G-PP3. M-PP1 . M-PP2. and G-PP4) as conparative 
examples were prepared in a manner similar to the above preparations of copdymerized modified pdydefins A - F, 
except for omitfing the use of moncmier Mg (styrene). 

n is noted lhat the amounts of additional M^ and Mg In the copdymerized modified pdyolef ins in T&We 2 were 
measured and determined using nuclear magnetic resonance (NMR) spectra andhx infrared (IFJ) absorption spectra. 
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Table 2 



20 



30 





bweiglit) 


Msleic 
anhydrid 
(partsb 
weight) 


Styren© 
(partsb 
weighQ 


Annount of 
additionally 
(%by 
weight 


Arnourrt of 
additional 
M2{%by 
weight) 


MFR (g/10 
min 


Copolymerized modified 
polyoiefin 














A 


GS-PP1 


5.0 




5.0 


1.6 


1.2 


75 


B 


GS-PP2 


2.0 




2.0 


1.1 


0.9 


68 


C 


GS-PP3 


10.0 




10.0 


2.0 


1.5 




D 


MS-PP1 




5.0 


5.0 


1.9 


1.5 




E 


PS-PP2 




2.0 


2.0 


1.4 


1.1 


75 


F 


es-pp4 


5.0 




5.0 


1.1 


0.8 


93 


Homopolymerized modified 
polyoJefin 














A 


G-PP1 


5.0 






0.9 




92 


B 


G-PP2 


2.0 






0.7 




86 


C 


G-PP3 


10.0 






1.1 




104 


D 


M-PP1 




5.0 




0.8 




98 


E 


M-PP2 




2.0 




0.7 




90 


F 


Q-PP4 


5.0 






0.7 




113 



Copolymerized Modified Polyotef in G 

35 

With reject to 100 parts of the above PP-3 which was irradiated with rrays a* 50 kGy, 6.0 parts by weight of gly- 
cidyl melhacrylate and 0.2 parts by weight of biilyl vinyl ether were kneaded in contact therewith, and thereafter, a heat 
treatment was conducted in a nitrogen flow at 60''C for 5 inlnutes so as to allow graft polymerization to occur, wherry 
a polypropylene was obtained. This polypropylene is called copolymerized modified pdyolefin G (GM-PP3). The 
40 amount of additional GMA (M^) in this pofymer was 3.5% by w^ht and the amount of the additional butyl vinyl ether 
(M2) was 0.02% by weight. 

It is noted that although polymer radicals existed when ESR measurement was canfed out with respect to PP-3 
which was irradiated with ionizing radiation, the polymer radicals disappeared after the heat treatment. 

45 Copolymerized Modified Polyoiefin H 

With respect to 100 parts of the above PP-3 which was irradiated with ^rays at 50 kGy, 1 0.0 parts by weight of gly- 
cidyl methacrylate and 0.01 parts by weight of benzyl vinyl ether were loieaded in contact therewith, and thereafter, a 
heat treatment was conducted in a nitrogen flow at 60°C for 15 minutes so as to allow graft polymerization to occur, 
so wher*y a polypropylene was obtained. TWs polypropylene is called copolymerized modified polyolef in H (GM-PP4). 
The amount of additional GMA (M^) in this polymer was 8.0% by weight, and the amount of the additional benzyl vinyl 
ether (f^Ag) was 0 005% by weight. 

Copolymerized Modified Polyolefin I 

55 

Wrtfi respect to 100 parts of the above PP-3 which was inracfiated with r^ays at 50 kGy, 10.0 parts by weight of gly- 
cidyl methacrylate and 0-1 parts by weight of yV-vinylpyrrolid«ie were kneaded in contact therewith, and thereaft«-. a 
heat treatment was conducted in a nitrogen flow at 60*0 for 25 minutes so as to allow graft polymerization to occur, 
whereby a poJypropyiene was obtained. Tl>vs potypropylene is called copolymerized modified polyolefin I (GM-PP5). 
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The anx)unt of additional GMA (Mi) in this polymer was 6.5% by weight, and the amount of the additional W-vinylpyn'o- 
lidone {M2) was 0.02% by weight. 

In addition, the following lipophilic interstratif Jed conripounds A - H were prepared. 

Lipophilic Interstratified Compound A (TSM-I) 

A fluorine-type synthetic mica ("ME-100". manufactured by Co-op Chemical Co., Ltd.; cation exchange capacity 
(CEO) = 80 milliequivalents/100 g) is soaked with a distilled water in a beaker, and was stin-ed, whereby a suspension 
fluid was obtained. WhiJe the suspension fluid was stirred at 66<*C. dioctadecylGamethylammonium chloride (a commer- 
dal reagent) was added in the proportion of 80 mmol with respect to 100 g of the fluorine-type synthetic mica. The mix- 
ture was stirred well, and a uniform suspaision was prepared. The su^ension was washed, centrifuged, arxl freeze- 
dried; then lipophilic interstratified compound A was otrtained by grinding the freeze<iried substance. 

C<xifirmation of the insertion of organic cation in the swellable stratiform silicate was carried out by measuring the 
increase in the distance of the gap between strata of the obtained lipophilic interstratified compound, according to the 
powder X-ray diffraction method using an X-ray diffraction device ("RINT 2000", manufactured by Rigaku Corporation). 
From the X-ray diffraction measuring, it was confirmed ttiatthe distance of the gap between strata in the lipophilic inter- 
stratifted conpound A increased from 1 .0 nm (of the fluorine-type synthetic mica) to 3.6 nm. 

In addition, Vne organic catim content in the gaps between strata was determined by ihermogravimetry using a 
device for a differential thermal analysis/lhernncbalance measurement CTG-DTA". manufactured by Rigaku Corpora- 
tion). As a result, the organic catfor) content in the lipophilk: interstratified compound A was 40% by weight 

Lipophilic Interstralified Compound B 0^-2) 

In a manner similar to the preparation of Iqsophilic interstratified compound A. lipophilic Interstratified compound B 
was prepared from 100 g of fluorine-type synthetic mica and dioctadecykSmethyteimmonlum chloride (48 mmoVlOO g). 
The distance of the gap t^etween strata was 3.5 nm, and the organic cation content was 30% by weig^. 

Lipophilic Interstratified Compound C (TSM-3) 

In a manner similar to the preparation of lipophilic interstratified compound A, lipophilic interstratified compound C 
was prepared from fluorine-type synthetic mica and dioctadecykjimethyiammonium chlorkle (32 mmol/100 g). The dis- 
tance of the gap between strata was 3.2 nm, and the organk; cation content was 17% by weight 

Lipophilic Intersfratifled Compound D (TSM-4) 

In a manner similar to the preparation of lipopN'lic interstratified compound A, lipophilic interstratified confound D 
was prepared from fluorine-type synttietic mica and octyHrimetfiylainmora'um chforide (80 mmolAlOO g, a commerce 
reagent). The distance of the gap between strala was 1.3 nm, and the organk; catton content was 17% by weight. 

Upophilic Interstratified Compound E (TSM-€) 

In a manner similar to the preparation of lipophilic intersbatified compound A, lipophilk; interatratified oonpound E 
was prepared from fluorine-type synthetk; mica and hexadecyttrlmethylammonium chlorkle (80 mmol/lOO g. a commer- 
cial reagent). The distance of the gap between strata was 1 .8 nm, and the organic cation content was 21% by weight 

Upophilic Interstratified Compound F (SMC-1) 

In a manner similar to the preparation of iipophilic interstratiHed compound A, Upophilic intersfratified compound F 
was prepared from hydrophilic smectite ("SWN", manufactured by Co-op Chemical. Ina; catfon exchange c^>aci^ 
(CEC) = 100 mil!iequivalents/100 g) and dioctadecyldimethylammonium chlorkJe (100 mmoI/100 g). The distance of tiie 
gap between sfrata was 2. 1 nm, and the organic cation content was 42% by weight 

Upophilic Interstratified Compound G (Sr^C-2) 

In a manner similar to the preparation of lipophilic interstratified compound A, lipophilic interstratified conpound G 
was prepared from hydrophilic smectite and dioctadecyklimethylammonium chlorkie (60 mmol/100 g). The distance of 
the gap between strata was 2.0 nm. and the organic cation content was 37% by weight. 
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Lipophilic Interstratified Compound H (TSM-6) 

In a manner similar to the preparation of lipophilic interstratified compound A, lipophilic interstratified compound H 
(TSfi/I-6). having the replaced Ion amount c/t 80 milliequivalents^OO g, was prepared by allowing a fluorine-type syn- 
thetic mica CME-100", manufactured by CoKJp Chemical Co.. Ltd.; cation exchange capacity (CEC) = 80 milliequiva- 
lents/100 g) and organic cation dioctadecyWimethylammonium chloride (100 mmol/lOO g) and organic cation to react 
with W./V-diocladodecyl-AZ-methylhexyJammino alcohol chloride. The distance of the gap between strata was 1.8 nm, 
and the organic cation content was 24.2% by weight. 

Examples 1-18 

in acccxdance with the combinations as shown in Table 3, 85.5% by weight of one of the above p<^yoIefins, 9.5% 
by weight of one of the above copolymerized modified polyolefins. and S% by weight of one of the above lipophilic inter- 
stratified compounds (fillers) were melt-kneaded using a kneader, and polyolefin-based composite materials were 
obtained. 

It is noted that in ttie production according to Example 14, the modified polyotefin and tfie filJer were mixed in 
advance, and then the mixture was mixed wHh the polyolefin. 

In addition, in Example 18, a resin composition having the inorganic filler content of 25% was prepared using 
lipophilic interstratified compound H (TSM-6). and when the resin composition was cfiluted. hexamethylene diisocy- 
anate vk«s added as a coupling agent in the proportion of 0.5 parts by weight with respect to 100 parts by weight of the 
total of the master batch and PP-1 , and then these components were kneaded in contact with each other. 

The kneading was conducted at a barrel temperature of 160 ~ 220°C, at a screw rotational frequency of 100 rpm, 
VOTth a retention time of 3 minutes, using a co-directional double-screw kneader ("KTX-30", manufactured by Kobe Steel 
Co.. Ltd.). 

With respect to each of the obtained composite materials, the physical prc^rties, that is. tfie modulus off HexufBl 
efasticrty. the heat resistance, and the dispersibility. were measived. Test pieces for measuring the physical properties 
were formed by using an injection-mokJing machine ("MODEL 1 00", manufactured by FANUC. Ltd.), at tiie cylinder tem- 
perature of 200<'C, under the injection pressure of 750 kg/cm^, under tiie locking pressure of 100 tons. 

The results of measurements are ^own in Table 3. 

Comparative Exanipfes 1-14 

Similarly to the above, in accordance with the combinations as shown in Table 4. 85.5% by weight of one of the 
polyolefins, 9.5% by weight of one of tiie homopolymerized modified polyolefins, and 5% by weight of one of the 
lipofrfiilto intersbBtified compounds were melt-kneaded using a kneader. and polyolefin-based compose materials 
were obtained. Tiie physical properties of the obtained composite materials are also shown in Table 4. 

It is noted that In the production according to Comparatrve Example 14, the nmdified polyolefin and the filler were 
mixed in advance, and then tiie mixture was mixed with the polyolefin. 

Measuring methods are explained in the following. 

Modulus of Flexurai Elasticity 

A modulus of flexurai elasticity was measured in accordance with ASTM D791 (under dry conditions, at 23''C). 

Heat Resistance (Tliermal Deformation Temperature) 

A thermal deformation temperature was measured in accordance with ASTM D648. where a load was given at the 
center portion of the test piece Ibr 5 minutes, so that a f ber stress of 0.0464 mnf (66 psi*) was applied, with tiie rate of 
temperature increase being 2 ± 0.2*C/min. 

Evaluation of Dispersed State of Stratiform Silicate 

Evaluation of tiie dispersed state <a stratifomi silicate strata in a polyolefin resin mablx was made by directty 
observing particles in a composite material using a transnrtis^on electron nrucroscopa A state of dispersion was evalu- 
ated according to the following criteria. 

<§> Composite material having: basal plane distance, 7 ~ 1 5 A: lengtti, 300 A or longer; proportion of laminates hav- 
ing 10 strata or less, 80% or more, uniformly dispersed in ttie res'm. 
O Composite material having: basal plane distance. 7 ~ 15 A; lengtti. 300 A or tonger; proportion of laminates hav- 
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ing 10 strata or ress, 50% or rrwre, uniformly dispersed in the resin. 

A Composite material having: basal plane distance, 7 ~ 15 A; length, 300 A or longer; proportion of laminates hav- 
ing 10 strata or less. 20% or more, uniformly dispersed in the resin. 

X Composite material having: basal plane distance, 7 ~ 1 5 A; length. 300 A or longer: proportion of laminates hav- 
ing 10 strata or less, less than 20%, dispersed in the resin. 



1^6 3 





Components (% by weight) 


Flexural elasticity 
modulus 


Heat resistance 
(HDT) 


Dispersibility 




Polyolefin 


Modified polyole- 
fin 


Filler 


kgf/cm^ 


66 psf, *C 


(TEM image) 


Example 


85.5 wt% 


9.5 wt% 


5wt% 








1 


PP1 


GS-PP1 


TSM-1 


27.400 


144 


® 


2 


PP1 


GS-PP2 


TSM-1 


26,600 


143 


O 


3 


PP1 


GS-PP3 


TSM-1 


27.900 


146 


<§> 


4 


PP1 


MS-PP1 


TBM-1 


26.600 


138 


O 


5 


PP1 


MS-PP2 


TSM-1 


25.200 


140 


A 


6 


PP1 


GS-PP1 


TSM-2 


28.300 


141 


o 


7 


PPl 


GS-PP1 


TSM-3 


27.900 


143 


o 


8 


PP1 


GS-PPl 


TSM-4 


28.400 


145 


© 


9 


PPl 


GS-PP1 


TSM-5 


28,800 


146 


o 


10 


PPl 


GS-PPl 


SMC-1 


25.800 


136 


© 


11 


PPl 


MS-PP1 


SMC-1 


25,200 


135 




12 


PPl 


GS-PPl 


SMC-2 


25.000 


138 


o 


13 


PP2 


GS-PP4 


TSM-1 


24.700 


138 


o 


14 


PPl 


(QS-PPIWTSM-I) 


28.600 


147 


® 


15 


PPl 


GM-PP3 


TSM-1 


29,700 


146 


® 


16 


PPl 


GM-PP4 


TSM-1 


30,000 


144 




17 


PPl 


GM-PPS 


TSM-1 


29.300 


140 




18 


PPl 


(GM-PP3)+(TSM-1) 


30,000 


149 


@ 
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Table 4 
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Components (% by weight] 


Ffexural elastic- 
ity modulus 


Heat resistance 
(HDT) 


DisperabSity 




Polyolefin 


Modified poly- 
oleTm 


Filler 


kgf/cm^ 


66psi, **C 


(TEM image) 


CompfiTStivG 
Example 


85.5 wt% 


9.5 wt% 


5wt% 








1 


PP1 


G-PP1 


TSM-1 


23.500 


138 


O 


2 


PP1 


G-PP2 


TSM-1 


22,100 


135 


A 


3 


PP1 


G-PP3 


TSM-1 


24.100 


140 


o 


4 


PP1 


M-PP1 


TSM-1 


22.400 


137 


A 


5 


PP1 


M-PP2 


TSM-1 


21.800 


134 


X 


6 


PP1 


Q-PP1 


TSM-2 


23.900 


140 


A 


7 


PP1 


G-PP1 


TSM-3 


22,800 


140 


X 


8 


PP1 


G-PP1 


TSM-4 


24,400 


142 


O 


9 


PP1 


G-PP1 


TSM-5 


24,500 


142 


O 


10 


PP1 


G-PP1 


SMOI 


22,200 


135 


O 


11 


PP1 


M-PP1 


SMC-1 


21.900 


133 


A 


12 


PP1 


G-PP1 


SMC-2 


22.000 


135 


A 


13 


PP2 


G-PP4 


TSM-1 


22,300 


135 


X 


14 


PP1 


(G-PP1)+(TSM-1) 


24.600 


142 


O 



The results shewn In Tables 3 arxJ 4 demonstrate that a composite material according to Examples of the present 
35 invention in which a copolymerized modified polyolefin was combined had an excellent dispersion state of stratiform sil- 
icate, an enhanced modulus of flexural elasticity, and an enhanced heat resistance, in conrtparison with a composite 
material according to Ccxnpaiative Essmples in which a homc^lymerized mocSfied potyolef in was combined. 

Moreover, the composite material produced according to Example 14, in which modified polyolefin and lipophilic 
interstratified oompcHjnd w^e melt-kneaded in advance, and Vn&n polyofeTin was added thereto, p^ticajtarly had an 
40 excellent dispersion state and other physic^ prop^es in comparison with materials |X^^>ared by conducting kneading 
at one time. 

Claims 

46 1 . A polydeiin-based oompOGite material characterized 1^ ownpriang: 

(a) 99.9 to 60% by weight of a modified polyolefin or a polyolefin contalnirtg such a modmed polyolefin in an 
amount of at least 1% by weight, tfie modified polyolefin having a copolymer portion as a graft or a Uock in a 
polyolefin, the copolymer portion made of an unsaturated carix)xylic acid or a derivative thereof and a mono- 
50 men which has a monomer reactivity ratio, the product of whidi, when multiplied by a monomer reactivrty ratio 

of the unsaturated carfcx>xylic acid or the derivative thereof, is 1 or less; and 

(b} 0.1 to 40% by weight of a lipophilic interstratified compound In whKh tetraalkylammonlum cation is inserted 
in a swellat^e sta'atiform sificate. 

55 2. A polyole^in-based conposite material according to Claim 1 . wherein the monomer reactivity ratio ot the unsatu- 
rated cart>Qxylic acid or the d^ivative thereof is 1 or less, and the monomer reactivity ratio of the monomer to be 
ocpciym&ized vnth the unsaturated cartioxj^ic acid or tfie derivative thereof is 1 or less. 

3. A polyolef in-based composite material according to Claim 1 , wherein the swellable stratiform silicate has a charge 
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density (rf 40 to 150 k^fdnarge, a basal plane distance d(001) of 7 to 15 A, and a cab'on em^hange capacity of 25 
to 200 nfiilliequivalentB/100 g. 

4. A polyolef in4>ased composite materia according to Claim 1 , wlier^'n the tetra£dl^ammonium cation has at least 
5 one alkyi group having a carbon numb^ length of the prindpa! chain of 4 to 30. and in an anwunt of 0.3 to 5 equiv- 

aienis with respect Ihe cation exchange capacity of the swellable stratiform silicate. 

5. A polyolefin-based composite material according to Claim 1 , wherein the swellable stratiform silicate is uniformly 
dispersed as stratified bodies having a length of at least 300 A and having up to 10 strata. 

10 

6. A process for producing a pol^lefln-based composite material, the process being characterized by comprising the 
step of meit-loieading in the absence of a sofvent the modified polyolef in as described in Claim 1 , or the polyolef in 
containing such a nrxxlif ied polyolefin in an amount of at least 1% by weigM. together with a lipophilic interstratified 
compound in v^ch tetraall^iammonium cation is inserted in a swellable stratiform silicate. 

IS 

7. A process for producing a pdyolefin-t^ased composite material according to Claim 6, wherein the lipophilic inter- 
stratified compound, in which tetraalkylammonium cation is inserted in a swell^e stratiform silicate, is dispersed 
in the absence of a solvent into the modified polyolefin having a copolymer portion as a graft or a block in a pc^y- 
defin, the o^ymer portion b^ng made of an unsaturated carboxylic acid or a derivative tfiereof, and a monomer, 

20 which has a monomer reactivity ratio, the product of which, when multijplied by a monomer reactivity ratio of the 
unsaturated cartxscylic add or the dvivative ttiereof, is 1 or less; and thereafter, meit-kneading be carried out 
together v^h a polyolefin. 

8. A process for producing a polyolefin-based composite material according to Claim 6, wherein the nrxxlif led polyole- 
25 fin is obtained by irradiating a polyolefin with ionizing radiation, and thereafter bringing the polyolefin into contact 

with an unsaturated carboxylic acid or a derivative thereof, and with a monomer, w^ich has a monomer reactivity 
ratio, the product of which, vtrhen multiplied by a monomer reactivity ratio of the unsaturated cartxsxylic add or the 
derivative thereof, is 1 or less. 

30 9. A process for producing a polyolef in-t>ased composite material according to Claim 7, wherein the modified polyole- 
fin Is obtaned by irradiating a polyolefin with ionizing radiation, and thereafter bringing the polyolefin into contact 
with an unsaturated carboxylic acid or a derivative thereof, and with a monotn&r. which has a nwnomer reactivity 
ratio, the product of vrfiic*!, when multiplied by a monomer reactivity ratio of the unsafcjrated cartxsxylic acid or ttie 
derivative thereof, is 1 or less. 

35 

10. A process for producing a polyolefin-based composite material, the process being characterized by comprising the 
steps of: 

kneading a modified polyolefin and a lipophilic int^stratified compound in contact in the at^sence of a solvent: 
40 the modified polyolefin being obtained by irradiating a polyolefin witii ionizing radiation, and thereafter bringing 

tiie pdyolef in into contact with an unsaturated cartxs^lic acid or a derivative thereof, and with a monomer, 
whidi has a monomer readivity ratia the product of which, when midtiplied by a monomer reactivity ratk> of ttie 
unsaturated carboxyfic add or the derivative thereof, is 1 or less; and the lipophilic interstratified compound 
b^'ng obta'ned t}y inserting tetraalMamnwnium cation into a sw^laUe stratiform silicate; and 
45 bringing the kneaded mixture into contact with and mixing with a pdyolef In in ihe presence of a coupKng agent. 
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